INTRODUCTION
RNA ligase has been isolated from T4 infected E.coli and 4 5 detected in mammalian tissues ' as an activity for joining a terminal 5'-phosphate with a 3'-hydroxyl group. Although the biological roles of this enzyme have yet to be clarified, it's properties are extremely useful. Recently DNA was also reported as being joined to DNA or RNA by this enzyme. Originally, the ligase activity was found to promote the cyclization of ribopolynucleotides of chain length around 40 particularly well and a minimum chain length for cyclization was reported as being eight. Shorter oligonucleotides were joined using an excess of o the 3'-hydroxyl component and the joining of tRNA fragments g obtained by the depurination of Y base was reported.
It was also demonstrated that chemically synthesized short tRNA fragments could be joined with RNA ligase to produce larger oligo-nucleotides which may be useful in studies on recognition of tRNA analogs by aminoacyl tRNA synthetases. In the present communication we report the joining of short ribooligonudeotides and the characterization of the oligonucleotide-adenylate intermediate .
MATERIALS AND METHODS
Ribooligonudeotides. U-U-U-U and C-C-C-Cp were synthesized chemically. (A) -._ 7 were prepared either by dephosphory-13 lation of chemically polymerized products or by digestion of poly (A) as described by Silber et al.
[ [0(-p]ATP was a gift from Drs. K. Miura and K. Shimotono.
Assays of RNA ligase. The intramolecular cyclization reaction was used as the method of assay during purification of the enzyme. A part of the incubation mixture (30 ul out of 50 pi) was added to BAPF (0.26 unit in 0.2 M Tris-HCl, pH 8.0, 10 ul), treated at 65° for 30 min, spotted to a disc of Whatman 3MM ($ 2.4 cm) presoaked with sodium phosphate (0.1M,10ul),washed with 5% Cl^CCOOH-0.01 M NaH-PO. (100 ml) 3 times for lOmin and the radioactivity of acid-insoluble material was counted after drying the paper disc with 1 : 1 ethanol-ether (50 ml) twice for 5 min. The rest of the mixture was used to estimate nuclease activities; the mixture was further incubated for 2.5-4 hr, heated at 100°f or 2 min and 10 ul was applied to a strip of DEAE-cellulose paper (DE-81). DE-81 was irrigated with 0.35 M ammonium formate containing 7 M urea for 1 hr (1-10 cm) . The radioactivity which moved from the origin was measured by cutting the chromatogram and counting the strips. and contained P ,5'-adenosine-P ,5'-uridine 3'-phosphate (°^) The spot 3 had the same mobility as *pUp obtained by hydrolysis of 18 *pU-U-U-U with RNase M. iii) Homochromatography of an aliquot 19 (1.5 pi) using homo-mix III showed two spots (Fig. 3 ) . The faster travelling spot had the same mobility as the 5'-labeled tetranucleotide (I) and the slower moving spot was the joined product. In this system the tetranucleotide (I) and it's adenylated pyrophosphate (Ila) were not resolved, v) The rest of the reaction mixture was subjected to chromatography on RPC-20 8 5 to isolate the products. The elution pattern is shown in Fig. 4 . Each peak was identified by homochromatography: peak 1* pU-U-U-U (I) ; peak 2!, Q^pu-u-u-U ( I I a ) ; p e a k -' Joining of pU-U-U-U with oligoadenylates of different sizes.
As shown in Table I , pU-U-U-U was joined with oligo- Fig. 4 ) . The solvent system was the same as that used for the nearest neighbour analysis. an excess of the enzyme completed the reaction after 15 min as shown in the last line in Table I . Neither cyclization nor selfpolymerization of *pU-U-U-U was observed.
Joining of pA-A-A-A-A with pyrimidine oligonucleotides. *pA-A-A-A-A (1 nmole) was allowed to react with U-U-U-U as shown in the first line of Table II . Phosphatase treatment showed that 57% of the terminal phosphate became resistant and RNase M digestion of the reaction mixture also showed approximately the same degree of transfer of p to the mononucleotides. To identify the joined product the rest of the reaction mixture was subjected to RPC-5 chromatography. The isolated products (peaks l-_3 in Fig. 8 ) were characterized by homochromatography and nearest neighbour analysis. Peak 1^ and 2_ contained *pA-A-A-A and *pA-A-A-A-A, respectively. Peak _3 consisted mainly of the cyclic decaadenylate contaminated with the linear decanucleotide in the latter part of the peak. Self-condensation of the pentanucleotide and subsequent cyclization of the decanucleotide seemed to have occurred, since RNase M digestion of the compounds in peak 3^ gave A*p and a trace of *pAp as estimated by paper chromatography. This is in contrast to the other experiments shown in Table I In the reaction of *pU-U-U-U with oligoadenylate, transfer of the radioactive phosphate to A*p occurred whereas *pA-A-A-A-A seemed to react with itself even in the presence of 10 -200 fold excess of U-U-U-U. This may be explained in terms of a difference in affinity of the enzyme for oligonucleotides with different base sequences. It will be of interest to determine whether this base preference of the ligase, if any, is based only on the 3'-terminal nucleotide or on the whole molecule. The self-condensed pentaadenylate was almost completely cyclized to the cyclic decanucleotide, since the nearest neighbour analysis of the joined product gave A*p as practically the sole products. The linear decanucleotide should yield A*p and *pAp in 1 to 1 ratio. This finding is consistent with previous studies which showed that oligoadenylate of this size cyclized rather easily.
Identification of compounds in peaks in Fig. 8 showed no significant amount of the oligonucleotide-adenylate intermediate but some 3 1 -exonucleolytic degradation of the pentanucleotide to the tetranucleotide was detected. Further purification of this ligase is under investigation.
